I. Introduction
The shortage of fossil energy sources, the increase of their prices, the environmental problems caused by their consumption such as pollution and global warming, are encouraging the application of renewable energy in several countries around the world. Renewable resources are also ecological and abundant in the planet. Among renewable technologies, solar systems that are the best suited to meet certain energy requirements. [1, 2, 3] . There are different types of solar energy (thermal, PV, thermodynamic) used in agriculture, water treatment, electrification, drying and road signs. [4, 5] Photovoltaic technology is now in full development in the world, the photovoltaic modules are efficient, sustainable, and eco-friendly, used to convert sunlight into electrical energy, but it still requires performance improvements to achieve a better competitiveness. [6, 7, 8] .
The main PV industries are silicon cells (Si) that can be made from crystalline silicon wafers (c-Si) into two distinct categories, mono-crystalline silicon and polycrystalline silicon, with a gap of 1,12 ev, the monocrystalline silicon is more expensive than the polycrystalline but allows higher yields, with almost 24.5% against 19% record performance in laboratory cells [9, 10] . Currently the market is widely covered with commercial modules generally with yields of 12% to 14% for polycrystalline and 15% to 16% for mono-crystalline. [11] According to "Loïc GOEMAERE" [11] amorphous silicon, denoted a-Si, has an absorption coefficient much more higher in the visible range than the crystalline silicon, due to the absorption process of the photons more efficient so-called direct. This makes it possible to considering the manufacture of cells using thin layers, of the order of a micron of thickness, which makes it possible to reduce significantly the costs of production. Despite lower modules yields than crystalline silicon modules (from 6 to 7%), this sector tends to develop in a context of strong demand, and is positioned after the dies crystalline silicon (4%). Research has turned to other materials than silicon, they are the CdTe, CIS, CIGS sectors. [11] General view in perspective of some photovoltaic technologies and classification is illustrated in the figure 1.
In Morocco, solar energy is the most important renewable energy with more than 3000 hours per year of sunshine, with an irradiation about 5 kWh per m² per day. The performance of PV modules varies by region, geographical location and climatic conditions, so it is necessary to determine the type of technology or PV panel to be used depending on weather conditions. In this respect, and because no study was done in the Mohammedia city which has significant potential in terms of solar radiation, so it is important to find the optimal PV panel for this city. Therefore, in this work three different types of photovoltaic panels Amorphous, poly-crystalline and mono-crystalline with 2 KWp each one of them were selected and analyzed to determine the optimal type of panel for Mohammedia. These systems were analyzed in terms of annual incomes, the installation area occupied by the system, the total weight of the system, the productivity of each system, the initial investment costs, and the system that avoids more CO 2 . 
II.2.METEOROLOGICAL DATA:
These data mainly concern the temperatures and sunshine of the site. The city of Mohammedia largely enjoys sun throughout the year. In summer (May to October), the maximum average temperatures are between 23 and 29 °C, but can occasionally reach 35 °C and a minimum of 14 to 19 °C. The duration of sunshine reaches 8 to 10 hours per day. In winter (November to April), the maximum average temperatures are between 20 and 23 °C, with a minimum of 9 to 12 °C and they can often drop to 2 °C in the morning. The duration of daily sunlight during the winter is 5 to 6 hours. [15] The data on these parameters are given In Table 1. [16] III. Description of The PV System: III.1.SYSTEM DESCRIPTION The PV plant consists of three different technology modules that are mounted on the roof of the research FSTM block on a galvanized steel structure (see Fig. 4 ), with South orientation and an inclination of 30°.The properties of the boards used are listed in the 
III.2.Specifications of selected inverter:
The Inverter model used in each plant is SB2000HF and its specifications are listed in Table 3 . The output characteristics of amorphous, mono-crystalline and poly-crystalline are shown in Figs. 5-7, [17]. 
IV. Results And Discussion

IV.1.Comparison and analysis of energy:
In order to choose the appropriate technology for the city of Mohammedia we proceeded to make a comparison of energy produced by each technology, for that the energy generated by each PV system, was registered for a whole year from 1 st January 2015 until December 2015 as shown in FIG.8 . The first installation constructed by mono-crystalline panels generated 3432.551 KWh, the second installation constructed by poly-crystalline panels generated 3463.58 KWh and the amorphous technology generated 3 175.964 KWh, the total energy produced by the three technologies is around 10 072 KWh per year. On figure 8 , we can observe the output gap between the different PV modules technologies used in the installation. A low irradiation and low temperature (autumn, winter) modules (poly-crystalline) appear most receptive, whereas at high irradiation and high temperature (spring, summer) the mono-crystalline and polycrystalline modules are virtually identical while the amorphous technology appears weaker. However, we can conclude that the perceived difference between the technologies of the installation implies that polycrystalline modules have the best performance in terms of the city of Mohammedia.
Analysis and comparison of different PV technologies for determining the optimal PV panels-
IV.2.Analysis and comparison of costs:
Because of their high yields, modules in mono-crystalline silicon and polycrystalline, are the most important modules in the PV market [18] . To identify and decide the most optimal panels it is necessary to do a cost analysis of the various systems installed. To this aim, taking the whole system installation into account, the cost analysis of each system together with annual incomes and their break-even points is given in the Table 4 . Considering the investment costs, we notice that the polycrystalline system is the least expensive of the three systems. From the Figure 9 and table 4 we see that the systems consisting of polycrystalline type modules is more productive than the two other systems in terms of annual incomes.
IV.3.Analysis and comparison of weight and areas occupied by the systems:
After comparing the generated electricity and the costs of the systems, we can notice that the area occupied by the systems and their weight are also important criteria to validate the decision.
From the curves 10 and 11 we note that the mono-crystalline and polycrystalline systems are the least heavy systems, which occupies less area.
IV.4.Analysis and comparison of CO ² emissions avoided:
CO ² and water vapor are the main gas responsible for the greenhouse effect, but using renewable energy and specifically PV systems, we can reduce these emissions. Therefore, the avoided CO ² emissions for solar PV systems is determined by assuming that each kWh generated by the solar energy system replaces each KWh produced by conventional energy systems. Avoided CO ² (EM AV in tones) can be expressed by the equation. [19] 
E C where: is the energy generated by conventional systems (KWh) during a reference period and the F C is the carbon mitigation factor. F C : is calculated by subtracting the life cycle of PV transmission system (estimated at 53g CO² eq / KWh for pcSi, 61 g CO² eq / KWh for mc-Si and 47 g CO² eq / KWh For a-Si [20] .
(For Morocco is estimated to 746 g CO2/KWh) [21] . 
V. Conclusion
The present paper investigates photovoltaic panel comparison between amorphous, poly-crystalline and mono-crystalline of 2 KWp grid-connected PV systems installed on the roof of the research building of the Faculty of Sciences and Techniques in Mohammedia (Morocco), in order to determine the most optimal PV systems of this city. Annual energy generated, annual income, breakeven points, the occupied surface and the weight of each system, were evaluated and compared for the three installed technologies. The main results of this study are as following:  The system consisting of poly-crystalline type PV panels is more suitable for the region and more productive than the two other systems.  The cost analysis shows that, PV cost of electricity, annual incomes and payback period for monocrystalline installation are, respectively, 1.04 €/Wh, 271€ and 14.03 years, for poly-crystalline are, respectively, 1.00€/Wh, 274 € and 13.6 years and are 1.174 €/Wh, 252€and 16.12years for Amorphous installation.  It is also found that the installed PV systems have the potential of reducing approximately 7.58 tons of CO2 emission: 2.56 tons by mono-crystalline, 2.58 tons by poly-crystalline and 2.37 tons by amorphous, We conclude that the system consisting of poly-crystalline is the most optimal type for the city of Mohammedia located in morocco.
